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(57) Abstract: A disc brake friction pad (10, Fig 1(a)) has a back plate (12) and friction material mounted thereon as an array 
of discrete friction elements (20). The elements are each resiliently mounted on an end region (58) of an individually associated 
support spring finger (52, Fig 2(a)) and the other end region (56) of the finger is secured against to the back plate. The end regions 
are substantially parallel and separated by a central region (60) inclined with respect thereto at an angle of about 30° to displace the 
second end region and its friction element from the back plate. The support spring finger is stiff but has resilience, at least in the 
central region adjoining the end regions, permitting the friction element to be resiliently displaced towards the back plate against the 
restoring bias of the finger. The shape of the finger permits the friction element to displace with little rotation. The support spring 
fingers may alternatively be formed as tongues (752, Fig 8) cut from, and deflected out of, the back plate. 
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Friction Pad 

The present invention relates to friction pads such as brake pads, brake shoes and clutch 
plates and particularly to such pads for vehicles, more particularly, but not exclusively, disc 
brake pads for railway vehicles. 

Friction pads for the above mentioned uses are well known per se, being mounted between 
a relatively moving rubbing surface and an actuator for applying engagement force thereto 
in a direction towards the rubbing surface to effect reduction in said relative movement. In the 
case of a brake, the aim is, of course, to slow the rubbing surface which may comprise a 
curved periphery or a flat disc surface of a wheel by a friction pad shaped to conform to the 
rubbing surface. Although the invention described hereinafter is of particular relevance to 
railway vehicles and disc brakes therefor, it is not intended that the invention be limited to disc 
brakes pads for such vehicles. 

Vehicle disc brake arrangements for road and rail vehicles are well known wherein, in general, 
a substantially flat pad carrying a layer of friction material is pressed into engagement with a 
rotating disc of steel or other material, and the differing requirements placed upon the brake 
pad design by different vehicle types is outlined in, for example, GB-A-2260176. 

Basting .forms of disc brake pads for railway vehicles are, for reasons associated with 
manufacture and handling, normally used in pairs and each of which comprises a generally 
arcuate, tapered shape, having at one face a layer of friction material and at the opposite face 
a trapezoidal-sectioned sole plate for slotting into a carrier coupled with the brake actuator. 
As explained in the above-mentioned patent specification, friction materials for railway use 
are generally hard and insofar as the pad area is large, there are conflicts in ensuring that the 
surface of the friction material engages properly and uniformly with the disc surface, that is, 
conforms. 

Such a situation is identified in WO 95/07418 and a friction material defined that is based 
upon a thermoset resin incorporating at least 50% of a ceramic filler material in addition to 
other fillers and friction modifying components. Such material, which may conveniently be 
described as "a ceramic friction material" is capable of operating at extremely high brake 
surface temperatures, but is also both brittle and poorly conforming with respect to a brake 
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disc surface against which it is pressed. Such brittleness and poor conformity are exacerbated 
in the relatively large pad areas encountered in railway brake pads. 

Poor conformability may result in parts only of the friction material applying disproportionately 
large braking forces to small areas of the disc surface and resulting in bands around the disc 
at higher temperatures than elsewhere that can lead to poor frictional forces, uneven and 
premature wear of the pad and disc. Brittleness also renders the material layer as a whole 
susceptible to thermal and physical shocks which may result in cracking of the material and 
reduction in pad performance and/or operating life. 

To mitigate such effects it is known to support the friction material by way of a relatively low 
modulus (or soft), force-transmitting elastomeric underlayer, and possibly additional 
interlayers. WO 97/2549 describes such a pad structure that addresses in part the problem 
of conformability, and it is known from this publication to create grooves or surface cuts 
extending to the underlayer such that the friction layer comprises, in effect, an array of blocks, 
or elements, of friction material mounted on such soft underlayer / back plate arrangement 
However, notwithstanding such attention to improving conformability, it is found that the high 
temperatures that can be generated easily by such ceramic friction materials (and without 
excessive difficulty in others) during braking may have a detrimental effect on bonding 
between the layers and on the elastomeric materials of the underlayer and thus the structural 
integrity of the pad. Therefore, although friction materials, and particularly ceramic friction 
materials, can operate and effect braking efficiently at high temperatures and under high 
braking engagement loads per se, it has been necessary in practice to construct and operate 
brake pads containing them conservatively and without much incentive to maximise the 
braking efficiency of the friction material. 

It is known from GB-A-527218 to have a back plate arrangement having a channel section 
partially closed by wall flanges overlying the back plate proper and into which channel can be 
slid a plurality of friction material blocks on a layer of elastomeric material by which brake 
engagement forces are transmitted between the back plate arrangement and blocks. Each 
block has a block flange adjacent the elastomeric material to engage with the wall flanges of 
the back plate to restrain the friction material blocks from lifting away from the back plate 
arrangement when unconstrained by the presence of the brake disc. Whereas this may point 
to less reliance on bonding between friction material and a resilient underlayer for pad 
integrity, it is a brake structure not sufficiently robust to be employed in railway braking nor 
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with brittle friction materials, and does not offer a solution to the effects of high temperature 
on an elastomeric underlayer material. 

An alternative approach has been to adopt a less brittle material, although one which is not 
free of its own constraints. It is known, for example, to employ a friction material made from 
sintered metallic material which although capable of operating a high temperatures and 
transmitting large engagement forces, is not at all conformable and requires to be presented 
to the rubbing surface in relatively small and individually alignable blocks or elements. 
Examples of railroad vehicle disc brake friction pads wherein poorly conformable sintered 
materials are employed in the form of individual, resiliently mounted friction elements , are 
shown in DE-U-8514607, US-A-4640390 and US-A-5538108. The first two of these each 
employs a sandwich arrangement of back plate overlaid by a spaced retaining plate against 
which flanged friction elements are biased by spring means, respectively in the form of 
individual springs or an intermediate plate having an array of resilient projections. Also, the 
sandwiched back plate structure requires a significant thickness which, if the overall thickness 
of the pad is defined for a particular use, results in smaller (shallower) friction elements and 
thus shorter working life. This is to some extent mitigated by the ability to pre-stress the 
spring means so that friction element displacement only occurs for large forces and is thus 
somewhat restricted. Nevertheless, such complex structures require precision manufacturing 
to permit relative movement between component parts and in the exposed and hostile 
environment of vehicle braking individual friction elements may be subject to jamming and 
acquire all of the disadvantages associated with becoming non-conformable, which provides 
the starting point for US-A-5538108. This takes a different approach and rejects complexity 
of construction in favour of mounting individual sintered friction elements on flat resilient 
plates secured to, but standing off from, a simple back plate as resiliently deflectable 
cantilevers. Each friction element is mounted at a free end of a resilient plate that is able to 
move to and from the back plate by deflection along its length as dictated by transmission of 
braking engagement forces and any unevenness in the rubbing surface contacted. Although 
the construction is clearly much less complex than the others, it will be appreciated that each 
plate is deflected from zero stress until it counters the braking engagement force transmitted 
thereby, and for significant braking engagement forces significant deflection of each plate 
may be required. This not only requires displacement of the elements and supporting plates 
from the back plate by an amount which may eliminate any advantage over the sandwich 
constructions in terms of friction element length but also causes each friction element to 
incline with respect to the back plate as the supporting plate deflects so that uneven wear of 
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the friction elements appears possible. 

Although such criteria are most clearly manifested in the particularly extreme conditions 
obtaining or the dimensions, forces and preferred materials associated with disc brakes of 
railway vehicles, it will be appreciated that such questions of conformability and high 
temperatures are applicable to some extent in any of the above mentioned friction pads and 
it is an object of the present invention to provide a friction pad construction that provides 
superior conformability and heat tolerance than known arrangements. It is also an object of 
the present invention to provide a disc brake pad by such friction pad. 

According to the present invention a friction pad for mounting between a relatively moving 
rubbing surface and an actuator for applying engagement force thereto in a direction towards 
the rubbing surface to effect reduction in said relative movement, comprises a back plate 
having a first side for the application of engagement force thereto and a second side, a 
plurality of discrete friction elements extending from the second side, each element having 
a rubbing end arranged to bear on the rubbing surface and a forcing end arranged to have 
said engagement force applied thereto by the back plate arrangement along an engagement 
force axis extending substantially longitudinally therethrough, said friction elements being 
supported with respect to the back plate by metallic support means, resiliently deflectable with 
respect to the first side of the back plate, and operable to transmit engagement force applied 
to the first side of the back plate to the friction element and to exert bias force on the friction 
element opposing displacement thereof towards the back plate, and characterised in that the 
spring means comprises for each friction element a single, uniquely associated support spring 
finger of sheet metal having spaced apart along a longitudinal finger axis first and second end 
regions joined by an integral central region, said first end region being disposed at the surface 
of the back plate, said second end region extending substantially parallel to the first end 
region and supporting the friction element restrained with respect thereto in respect of 
displacement at least along the engagement force axis, said central region extending between 
the first and second end regions inclined acutely with respect to the back plate to effect 
separation of the second end region from the back plate and being resiliently deflectable at 
least adjoining the first and second end regions to permit recoverable displacement of said 
second end region towards the back plate. 

In this specification the terms 'brake engagement force 1 and its truncated form 'engagement 
force' mean the force applied to the pad and exerted in a direction towards the rubbing 
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surface and perpendicular to the direction of rubbing surface motion. In relation to a disc 
brake, the rubbing surface comprises the brake disc surface. The term 'friction generated 
force' means the force applied to the pad by the rubbing surface and exerted in the direction 
of rubbing surface motion. The terms "along the back plate" means in the direction of rubbing 
surface motion relative to the back plate. 

Embodiments of the invention will now be described by way of example with references to the 
accompanying drawings, in which: 

Figure 1 (a) is a plan view of a first embodiment of a friction pad comprising a disc brake pad 
for a railway vehicle and conforming to UIC 541-3 OR dimensions and constructed in 
accordance with the present invention, 

Figure 1(b) is a side view of the pad of Figure 1(a), 

Figure 2(a) is a sectional elevation through a part of the pad of Figure 1(a) along the line 2a- 
2a thereof, illustrating two of a plurality of friction elements supported on a back plate by 
metallic support means in the form of support spring fingers overlying the back plate, 

Figure 2(b) is a plan view of the friction element and support of Figure 2(a) in the direction 2b- 
2b thereof, 

Figure 3 is a sectional elevation through a part of a second embodiment of disc brake pad 
illustrating a different construction of friction element, 

Figures 4(a) and 4(b) are sectional elevation and plan views respectively of part of a third 
embodiment of disc brake pad including a further construction of friction element and support 
means therefor, the plan view of Figure 4(b) being along the direction 4b-4b of Figure 4(a), 

Figure 5(a) is a sectional elevation through one part of a fourth embodiment of disc brake pad 
showing half of a paired friction element and support spring finger similar to that of Figure 2(a) 
but showing the support spring finger inclined more steeply with respect to the back plate and 
associated friction element also inclined, 

Figure 5(b) is a sectional elevation through the other half of the pair showing a wedge 
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member clamped against the support spring finger to effect pre-stressing deformation thereof, 

Figure 6 is a sectional elevation through part of a fifth embodiment of disc brake pad showing 
a modified form of restraining of the friction element with respect to the support spring finger 
and a recess in the back plate, 

Figure 7 is a sectional elevation through part of a sixth embodiment of disc brake pad showing 
a further form of friction element container and different form of restraining of the friction 
element with respect to the support spring finger and a recess in the back plate, 

Figures 8 and 9 are sectional elevations through parts of seventh and eighth embodiments 
respectively of disc brake pad and similar to those of Figures 2(a) and 7 but in which the 
support means is formed from the back plate by deformation thereof, and 

Figures 10(a) and 10(b) are front and side views respectively of a ninth embodiment of the 
present invention showing a brake shoe having a back plate with a cylindrical^ curved second 
side from which extend discrete resiliency mounted and restrained friction elements. 

Referring to Figures 1(a) and 1(b) a disc brake pad 10 comprises a UIC shape employed in 
railway vehicles, and wherein such pad is employed with a complementary shape, mirror 
image pad 1 1 shown only in part, as a complementary pair. Each pad comprises a back plate 
12 having a first side, indicated generally at 14 for the application of brake engagement force 
thereto by way of a dovetail-section mounting rail 15, and a second side, indicated generally 
at 16, from which extends a plurality of discrete friction elements 20 |f where i = fourteen in the 
embodiment shown. The friction elements 20j are preferably, but not essentially, identical for 
simplicity of manufacture, not only of the elements themselves but also of the back plate 12. 
Accordingly, for simplicity of description, only one friction element will be described herein in 
detail, as element 20 . 

Referring also to Figures 2(a) and 2(b), the friction element 20 is generally circular in cross 
section with respect to a central longitudinal axis 22 thereof and extends along the axis in 
generally cylindrical form. The element has a rubbing end 24, adapted to bear on the a 
rubbing surface 25 of a wheel brake disc 26, and opposite thereto a forcing end 28, supported 
on, and arranged to have said engagement force applied by, the back plate along an 
engagement force transmitting axis 30 parallel to the longitudinal axis 22. Friction generated 
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forces resulting from the rubbing end bearing on the disc rubbing surface 25 act in a direction 
32 perpendicular to the engagement force axis 30, or in the terminology of this specification, 
in a direction along the back plate. 

The friction element 20 comprises a container 40 defining the boundary of the element 
between its rubbing end 24 and forcing end 28, comprising a base 42 at the forcing end from 
which a side wall 44 extends towards the rubbing end, within which is confined a body of 
friction material 46. 

The friction material is a ceramic friction material of the form described in WO 95/07148 and 
whereas the material is known to generate high temperature and exhibit poor conformability 
over extensive surfaces, resilient mounting of smaller, discrete bodies not affected by heat 
generated during braking, addresses disadvantages found hitherto in using such friction 
material. However, other friction material compositions may be used, resin-based or 
otherwise. 

The container sidewall 44 extends for the full length of the friction material body and protects 
the edges of the body from impact damage and effectively provides improved hoop strength 
that resists cracking of the friction material due to pressure concentrating asperities of the disc 
surface. The container side wall is of copper or copper alloy which is easily eroded by the 
rubbing surface of the brake disc with the friction material. The container may comprise, as 
shown, discrete tubular side wall and circular base joined together by brazing or the like such 
that the base comprises floor 48 of the container. The base and tubular side wall may be of 
different materials but preferably they are of the same material to mitigate thermal stresses 
at the join. The body is retained in the container by being bonded to the floor 48 and/or the 
side wall 44. 

In this embodiment, the shape and periphery dimensions of the back plate arrangement are 
assembled to comply with UIC standards. Having determined upon the use of elements that 
are, within manufacturing tolerances, identical dimensionally and materially, that is, have the 
same shape and dimensions and employing the same materials as each other, as well as a 
circular cross-section that is most favourable in manufacturing accuracy and cost, there is a 
trade-off between maximising conformability and providing adequate surface area to engage 
the brake disc. In this embodiment, for a UIC 541-3 OR dimensioned pad it is preferred to 
employ friction elements 20 having a container side wall of outside diameter of between 30 
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mm and 40 mm, preferably 36mm, and wall thickness of about 1mm [to 1.5mm], that is a 
friction material body diameter of 34mm. In relation to the overall area of the back plate 
arrangement being 209 cm 2 each of the ten elements has a friction material surface area that 
is less than 5% of the total pad area, more precisely 4.34%, and fourteen elements 60.8% of 
the total pad area. 

Clearly, it is possible to vary the number of elements employed as well as the individual 
dimensions, and it will be appreciated that it is possible to have elements of different cross 
sectional shapes and/or dimensions and/or friction materials at different parts of the pad to 
make better use of the pad space available but at greater manufacturing complexity and cost. 

The floor 48 of the container 40 is spaced from the forcing end of the friction element by a 
number of structural items, by which it is supported and restrained, as described further 
below. 

The friction element 20 is supported with respect to the back plate by metallic support means, 
indicated generally at 50, which is resiliency deflectable with respect to the first side of the 
back plate and operable to transmit engagement force applied to the first side of the back 
plate to the friction element and to exert bias force on the friction element opposing 
displacement thereof towards the back plate, and by restraining means , indicated generally 
at 70, which is operable to restrain each friction element individually with respect to the back 
plate from displacement away from the back plate and displacement along the back plate. In 
this embodiment the restraining means includes the metallic support means 70, in that the 
element 20 is restrained with respect to the support means and the support means is itself 
restrained with respect to the back plate. The metallic support means comprises for the 
friction element 20 a single, uniquely associated support spring finger 52 of sheet metal 
having a longitudinal finger axis 54 along which are spaced apart first and second end regions 
56, 58 respectively joined by an integral central region 60. The first end region is disposed 
at, and conforms to, the surface of the second side 16 of the back plate. The second end 
region 58 extends substantially parallel to the first end region and supports the friction 
element 20 with respect thereto to effect transmission of brake energising force on axis 30 
by way of said first end region and central region to element axis 22, and to effect restraining 
means in respect of displacement towards the back plate. The central region 60 extends 
between the first and second end regions inclined acutely with respect to the first end region 
to effect separation of the second end region from the back plate and is resiliently deflectable 
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with respect to the first and second end regions to permit recoverable displacement of said 
second end region towards the back plate. In particular, the central region and end regions 
are deflectable where they join to permit displacement of the friction element in a direction 
along the axis 22 with minimal change in orientation. 

In this embodiment which relates to a disc brake pad having a flat back plate, the support 
spring finger 52 comprises a metal sheet of uniform thickness; the first and second end 
regions are substantially flat and parallel and the central region is also substantially flat and 
extends at a substantially uniform angle of inclination with respect to the first end region, and 
this, the second side of the back plate, an inclination of about 30° being found suitable. 

In addition to the central region 60 being substantially uniform in thickness between the first 
and second end regions, it also reduces progressively in width from the second end region 
to the first end region, as seen more clearly in Figure 2(b). 

The second end region 58 has, except where it joins the central region, a substantially circular 
periphery corresponding to, but smaller than, the base of the friction element 20 it supports. 
A load spreading washer 62 is disposed between the friction element base and the second 
end region of the support spring finger, having a cross sectional area less then than that of 
the friction element base but greater than that of the second end region. 

As mentioned above, the restraining means 70 includes the support means 50 and for the 
friction element 20 this comprises the support spring finger 52. The support spring finger is 
disposed with the first end region 56 in overlying abutment with the surface 16 of the back 
plate at its second side thereof and is secured to the back plate by at least one fastening 
member 72, such as a rivet or screw, and in this embodiment by a pair of fastening members 
72 and 72' extending through the first end region 56 at a pair of fastening locations 74 and 
74' spaced apart along a fastening axis 76 extending substantially perpendicular to the finger 
axis 54. 

The friction element restraining means comprises, at the forcing end of the friction element, 
restraining member 78, in the form of a rivet, screw or the like, extending along the 
longitudinal axis 22 through the base of container 40 and an aperture in the second end 
region 58 of the support spring finger, as well as any intervening components such as the 
load spreading washer 62, to secure the friction element to the finger in respect of relative 
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motion in any direction by clamping the components with respect to each other and the floor 
of the container. 

In use, a brake energising force is applied by way of rail 15 to the back plate 12 in the 
direction of axis 30, which force displaces (if necessary) the pad such that the rubbing end 
24 of each friction element is forced against the relatively moving disc surface 25 and 
thereafter is transmitted by way of the support spring finger 52 which tends to deflect until the 
restoring force exerted by the finger on the friction element is substantially equal to the 
applied brake energising force. 

Insofar as each of the friction elements 20 i is similarly, and independently, sprung, any 
particular brake energising force applied to the back plate enables the friction elements to 
reach abutment with the disc by way of small differences in individual support spring finger 
deflections that effectively creates conformity between the friction material, as spread 
amongst the elements, and the disc. Whereas any inequality between support spring fingers, 
friction element or washer dimensions or the presence of rubbing surface high spot may 
initially deflect a particular friction element to a greater extent than the others, and thereby 
create a greater bias force, that friction element may be expected to wear at an accelerated 
rate until the bias force falls to the same level as the others. 

The support spring finger 52 comprises a sheet or plate of carbon steel of such thickness and 
length that it has considerable stiffness to deflection, even where desired, but also resilience 
to deflection within small limits at the elevated temperatures found in vehicle braking 
arrangements. The material BS970 En2 has been found suitable. The support spring finger 
52 may be dimensioned such that it offers high initial resistance to deflection in order to 
remain within its elastic limits for energising forces beyond those normally experienced by the 
braking system or for the forcing end of the friction element (or second end region of the 
finger) to abut the back plate in the case of excessive forces before the elastic limit of the 
support spring finger is exceeded. 

It will be seen from Figures 2(a) and 2(b) that spaced apart fastening locations 74 and 74' in 
the first end region 54 of the support spring finger permit the finger to be secured to the back 
plate with its uniquely associated friction element already attached, and furthermore, the 
friction element is to one side of the first end region permitting the first end region to be 
common to, and provide the first end region of, a further support spring finger 52' having 
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second end and central regions 58' and 60' respectively defined along finger axis 54 common 
to them both. A friction element 20 h identical with element 20, is supported on the second 
end region 58\ 

Insofar as the common first end region is secured clamped against the back piate 12 there 
is no crosstalk transmission of different finger deflection forces between the paired fingers. 
However, if desired, the common first end region 54 may be secured with respect to the back 
plate to permit a degree of 'rocking' about the fastening axis 76 such that the associated pair 
of friction elements are able to define their working dispositions with respect to the braking 
surface 25 by displacement of both of the first and second end regions of the support spring 
finger relative to the back plate. 

It will be appreciated that a number of variations may be made. As indicated above, the 
friction element has a container for the friction material with a tubular side wall that is relatively 
soft and easily abraded. This is not essential as the side wall may be of a harder material that 
is present in a lesser amount, such as a thinner wall and/or one of a mesh or apertured 
structure which is readily abraded. Also, mention is made of the possibility of difficulty in 
bonding certain friction materials to a container floor formed by a base of copper material. 
Referring to Figure 3, this shows in sectional elevation a portion of a second embodiment of 
disc brake pad 110 in accordance with the present invention, in particular a back plate 12 and 
support spring finger 52 as described above to which is attached a friction element 120. The 
friction element 120 is generally similar to the element 20 and identical parts are given the 
same reference numbers. It differs in that the friction element comprises a container 140 
having a base 142 of copper or copper alloy but the floor 148 is formed not by the base of 
the container but by a plate 149 of a different material, such as steel, to which the friction 
material is more readily and securely bonded. The floor plate is mechanically secured with 
respect to the base by the fastening member 78, which clamps it thereto, or by any other 
conventional means. 

Referring now to Figure 4(a), a third embodiment of disc brake pad is shown in part at 210 
comprising a further variation on the construction of friction element, indicated at 220. Parts 
identical to those described above are not described further but given the same reference 
numbers. The friction element 220 comprises a friction material container 240 differing from 
container 40 in that the base 242 and side wall 244 are integrally formed into a cup from a 
single metal piece by drawing or extrusion. If the material is copper or copper alloy having 
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poor bonding properties, a floor plate (not shown) similar to 149 may be secured thereto by 
infiltrating the copper into pores or apertures of such plate during formation of the cup, or by 
fastening means 78. Also, as shown , the friction material 246 is optionally provided with one 
or more circumferentially extending recesses 247 in the side wall and mechanically 
interlocked with respect to the container by deformation of the container side wall 244 into the 
recess or recesses at 249. 

It will be appreciated that the friction material may be retained in the cup by either one or both 
of bonding and mechanical interlocking. Also, such mechanical interlocking may be employed 
with the container structures 40 or 140. 

The disc brake pad embodiment 210 illustrates not only a particular construction of friction 
element but also of support means 250 by which it is supported with respect to the back plate 
1 2. Referring also to Figure 4(b), which shows a plan view from the back plate in direction 4b- 
4b, the support means 250 comprises, associated with friction element 220 a support spring 
finger 252 having first and second end regions 256 and 258 separated by central region 260. 
The support spring finger 252 is similar to the support spring finger 52 but with the first end 
region uniquely part of the finger and not common to, nor shared with, a further support spring 
finger. It will be appreciated that any of the friction element forms described above may be 
supported in this way. 

In all of the above described embodiments it will be appreciated that notwithstanding the 
stiffness of each support spring finger in resisting deflection, such resistance is a function of 
the current deflection such that initially there is a tendency for the finger to commence 
deflection at relatively low levels of applied brake energising force and require the second end 
region to be offset from the back plate by a greater amount than is desirable in order to 
continue deflecting with high energising forces and not abut the back plate. Referring to 
Figures 5(a) and 5(b), these show schematically a fourth embodiment of disc brake pad 410. 
Again, components identical to those shown above are not described again but are given the 
same reference numbers. As shown in Figure 5(a), the friction element support means 
comprises for each friction element 20 a support spring finger 454 having a first end region 
456 secured to the back plate 12, a second end region 458 on which the friction element is 
mounted and a central region 460 joining them. The central region is formed to have a natural 
inclination with respect to the first end region such that with the first end region in overlying 
abutment with the back plate the second end region is inclined with respect to the first end 
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region and back plate. As shown in figure 5(b), pre-stressing means 480 is provided in the 
form of a wedge member 482 arranged to overlie the first end region 456 of the support 
spring finger and clamped with respect to the back plate by fastening member 472. The 
wedge member has an inclined edge 484 arranged to bear on at least part of the central 
region 460 of the support spring finger and force the central region to such inclination that 
aligns the second end region with the back plate and friction element rubbing end with respect 
to the brake disc rubbing surface 25. Operation is as described above except that the friction 
element is displaced by deflection of the support spring finger only in response to a braking 
engagement force in excess of the force exerted by the pre-stressing means. 

Referring now to Figure 6, this shows part of a fifth embodiment of disc brake pad 510 in 
accordance with the present invention, being similar to that of Figure 2(a) except that the back 
plate 12 includes in line with each friction element a recess operable to receive at least upon 
deflection of the friction element towards back plate, at least a part of the forcing end of the 
friction element and/or the second end region of the support spring finger. Friction element 
20 is supported on support spring finger 552. The forcing end 28 of the friction element has 
a fastening member 578 which secures the friction element with respect to the second end 
region 558 of the support spring finger 552 and extends along the longitudinal axis 22 to an 
enlarged head 579 contained in part in a back plate recess 586 having boundary wall 587. 
The second end region of the support spring finger has a slot 559 through which the 
fastening member 578 extends, the enlarged head preventing displacement of the element 
in a direction away from the back plate but not in a direction along it; however, the head 579 
is arranged to abut the recess boundary wall to prevent displacement of the friction element 
in that direction. 

It will understood that the nature of the engagement force levels, operating temperature and 
space for displacement require each support spring finger to be very stiff and heat tolerant. 
As discussed above, these properties may be found in carbon steel not specifically of the type 
normally employed for a spring function. However, if desired other metals more usually 
associated with providing springs may be used or less associated, such as mild steel, 
provided operation can be assured within elastic limits. 

Referring to Figure 7, this shows part of a sixth embodiment of disc brake pad 610, similar to 
the pad 510 insofar as the the friction element 620 is restrained with respect to the second 
end region 658 of the support spring finger 652 only in respect of displacement towards and 
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away from the back plate and the back plate has for each friction element 620 a recess 686 
with boundary wall 687 to prevent displacement of the friction element in a direction along the 
back plate. Friction element restraining means 678 comprises a lateral aperture 678' in the 
forcing end of the friction element, more particularly the base 642 of container 640, operable 
to receive said second end region 658 of the support spring finger in a direction along the 
back plate and inhibit displacement of the friction element away from the first side of the back 
plate but not, absent a fastening number such as 78, in a direction along the back plate. The 
restraining means does comprise a bearing part 689 arranged bear upon the recess boundary 
wall 687 to inhibit displacement of the friction element along the back plate. The bearing part 
may comprise the base of the container itself or, particularly if the base is a readily abraded 
material, a separate bearing member, secured to the base, that is the same or softer than the 
recess wall, that is, not harder than the back plate, such that it defines at least a peripheral 
portion 689' of the container adjacent the recess wall. 

Referring to Figure 8, this shows a seventh embodiment of disc brake pad 710 in which the 
support means for the friction elements 20j comprises, associated with each element, a 
unique support spring finger 752 that is formed by back plate 712 which has spring fingers 
752 each defined by deflection out of the plane of plate. 

The first end region of the support spring finger is formed at the second side of the back plate 
and the second end regions 758 and central region 760 by cutting and deflecting a tongue 
of the back plate. The second end region extends substantially parallel to the plane of the 
back plate, and thus the first end region, and supports thereon friction element 20. The 
second end region is apertured and the friction element secured by fastening means 78 as 
described above. 

Figure 9 shows part of an eighth embodiment of disc brake pad 810 which combines the 
friction element form 620 with support spring finger 852 which is integral with the back plate 
and formed by punching out a tongue defining a displaced second end region 858 which is 
located within a lateral passage in the base of the friction element. Insofar as the second end 
region is defined by its formation creating an aperture 886 in the back plate, an aperture 
boundary wall 887 is disposed to prevent displacement of the bearing 689 of the friction 
element. 

It will be appreciated that if desired, and as shown by broken lines in the Figure, that part of 
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the back plate defining the aperture boundary wall may be deflected at the same time as the 
support spring finger to align differently with a bearing member of the friction element. 

It is particularly a feature of this embodiment that there is no separate support spring finger 
overlying the back plate, thereby saving not only on materials and assembly costs but also 
permitting, for any overall pad thickness specified, a greater thickness of friction material 
exposed to wear. 

Although each of the above embodiments has been in relation to a substantially flat disc 
brake pad, the same structural techniques may be applied to a cylindrical^ curved brake shoe 
employed in tread or drum brakes. Referring to Figures 10(a) and 10(b), these show side and 
front (or plan) views respectively of a sixth embodiment of brake shoe 910 in the form of a 
cylindrical^ curved brake shoe 910, the friction surface of which is provided by a plurality of 
friction elements 920j arrayed across that side of the shoe back plate 912 facing the rubbing 
surface (not shown) and supported with respect thereto by support means 950. Insofar as 
the shoe is composed of a number of discrete, and possibly identical, friction elements, 
support spring fingers 952 and restraining means, the structure may correspond to that 
described above with the exception of curvature of the back plate. The discrete friction 
element and spring finger construction in accordance with the present invention facilitates any 
variation in spring characteristics and/or element friction characteristics arising from applying 
brake engagement forces in a particular direction not necessarily perpendicular to the back 
plate at all positions thereon. 

Although embodiments have been described with reference to railway vehicles, it is re-iterated 
that a brake pad in accordance with the present invention is not, nor should be construed as, 
limited by size, shape or materials to such vehicle. Likewise, it is re-iterated that a friction pad 
having the array of friction elements and spring structures described above is not, nor should 
be construed as, limited to a brake pad. 
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Claims 

1 . A friction pad (1 0) for mounting between a relatively moving rubbing surface (25) and 
an actuator for applying engagement force thereto in a direction towards the rubbing 
surface to effect reduction in said relative movement, comprising 
a back plate (12) having a first side (14) for the application of engagement force 
thereto and a second side (16), 

a plurality of discrete friction elements (20) extending from the second side, each 
element having a rubbing end (24) arranged to bear on the rubbing surface and a 
forcing end (28) arranged to have said engagement force applied thereto by the back 
plate arrangement along an engagement force axis (22) extending substantially 
longitudinally therethrough, said friction elements being supported with respect to the 
back plate by metallic support means (50), resiliently deflectable with respect to the 
first side of the back plate, and operable to transmit engagement force applied to the 
first side of the back plate to the friction element and to exert bias force on the friction 
element opposing displacement thereof towards the back plate, and 
characterised in that the spring means comprises for each friction element a single, 
uniquely associated support spring finger (52; 752) of sheet metal having spaced 
apart along a longitudinal finger axis (54) first and second end regions (56, 58; 756, 
758) joined by an integral central region (60; 760), 
said first end region being disposed at the surface of the back plate, 
said second end region extending substantially parallel to the first end region and 
supporting the friction element restrained with respect thereto in respect of 
displacement at least along the engagement force axis, 

said central region extending between the first and second end regions inclined 
acutely with respect to the back plate to effect separation of the second end region 
from the back plate and being resiliently deflectable at least adjoining the first and 
second end regions to permit recoverable displacement of said second end region 
towards the back plate. 

2. A friction pad as claimed in claim 1 characterised in that the central region (60) is 
substantially flat and extends at substantially uniform angle of inclination with respect 
to the second side of the back plate. 
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3. A friction pad as claimed in claim 1 or claim 2 characterised in that the central region 
(60) is of substantially uniform thickness between the first and second end regions 
(56, 58). 

4. A friction pad as claimed in any one of claims 1 to 3 characterised in that the central 
region (60) reduces progressively in width from the second end region (58) to the first 
end region (56). 

5. A friction pad as claimed in any one of the preceding claims characterised in that at 
least one support spring finger (52) is secured to the back plate in overlying abutment 
with the surface of the back plate. 

6. A friction pad as claimed in claim 5 characterised in that the support spring finger (52) 
is secured to the back plate by at least one fastener member (72) extending through 
the first end region (56). 

7. A friction pad as claimed in claim 5 or claim 6 characterised in that the support spring 
finger is secured to the back plate at a pair of fastening locations (74, 74') spaced 
apart along a fastening axis (76) extending substantially transversely to the finger axis 
(54). 

8. A friction pad as claimed in any one of claims 5 to 7 characterised in that the first end 
region (56) of the support spring finger is common to, and comprises the first end 
region of, a further support spring finger (52') having central and second end regions 
(60\ 58*) defined along a common finger axis (54). 

9. A friction pad as claimed in any one of claims 5 to 8 characterised by pre-stressing 
means (480) fixed with respect to the back plate, arranged to overlie the first end 
region (456) of the support spring finger and at least part of the central region (460) 
and operable to force the central region to assume said predetermined acute 
inclination such that the second end region (458) and supported friction element is 
displaceable only in response to an engagement force in excess of said force exerted 
by the pre-stressing means. 

10. A friction pad as claimed in any one of the preceding claims characterised in that each 
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friction element comprises a container (40, 140, 240) of friction material (46, 246) 
having a base (42, 142, 242) at the forcing end from which a side wall extends 
towards the rubbing end, the side wall surrounding the friction material and adapted 
to be eroded away with the friction material and the base providing a container floor 
(48, 149) on which the friction material sits. 

11. A friction pad as claimed in claim 10 characterised in that the friction material (246) 
comprises at least one recess (247) in a side wall thereof and is mechanically 
interlocked with respect to the container by deformation of the container side wall 
(249) into the recess. 

12. A friction pad as claimed in any one of claims 10 or 1 1 characterised in that at least 
the side wall of the container comprises copper or copper alloy. 

13. A friction pad as claimed in claim 12 characterised in that the container side wall has 
a thickness in the range 1.0mm to 1.4mm. 

14. A friction pad as claimed in claim13 characterised in that the container side wall has 
a thickness of approximately 1 mm. 

15. A friction pad as claimed in any one of claims 10 to 14 in which both the side wall and 
base of the container comprises the same material. 

16. A friction pad as claimed in claim 15 characterised in that the container comprises a 
tubular side wall (44) brazed to the base (42). 

17. A friction pad as claimed in any one of claims 1 0 to 1 6 characterised in that the friction 
material is bonded to the floor of the container. 

18. A friction pad as claimed in claim 1 0 to 1 7 characterised in that the surface of the base 
comprises the container floor (48). 

19. A friction pad as claimed in claim 10 to 17 characterised in that the container floor 
comprises a plate (149) of a different material than the base and mechanically 
secured with respect thereto. 
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20. A friction pad as claimed in any one of claims 10 to 19 characterised by friction 
element restraining means (78) comprising at the forcing end (28) thereof fastening 
means (78) extending along the engagement force axis (22) through the base of the 
container and second end region (58) of the associated support spring finger, 
operable to secure the friction element to the support spring finger against 
displacement relative thereto. 

21. A friction pad as claimed in claim 20 when dependant on claim 18 characterised in 
that the fastening means is also arranged to secure the floor to the base of the 
container. 

22. A friction pad as claimed in claim 20 or claim 21 characterised in that the area of the 
second region (58) of the support spring finger supporting the associated friction 
element is smaller than the cross sectional area of the associated friction element. 

23. A friction pad as claimed in claim 23 characterised by a load spreading washer (62) 
disposed between the friction element base (42) and the second end region (58) of 
the support spring finger, having a cross sectional area less then than that of the 
friction element base but greater than that of the second end region. 

24. A friction pad as claimed in any one of claims 20 to 23 characterised in that the 
fastening means (78) comprises a rivet extending through the second end region of 
the support spring finger into the friction element container and clamping the 
intervening components with respect to each other and the floor of the friction 
element container. 

25. A friction pad as claimed in any one of the preceding claims characterised in that the 
second side (16) of the back plate includes a recess (586; 686; 886) operable to 
receive at least upon deflection of the friction element towards back plate, at least a 
part of the forcing end of the friction element and/or the second end region of the 
support spring finger. 

26. A friction pad as claimed in any one of claims 10 to 19 characterised in that the 
second side of the back plate includes a recess (686; 886) operable to receive, at 
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least upon deflection of the friction element (620) towards back plate, at least a part 
of the forcing end of the friction element, and by friction element restraining means 
comprising a lateral aperture (678) in the forcing end of the friction element operable 
to receive, in a direction along the back plate, said second end region (658; 858) of 
the support spring finger and inhibit displacement of the friction element away from the 
first side of the back plate, and a bearing part arranged bear upon a wall of the recess 
to inhibit displacement of the friction element along the back plate. 

27. A friction pad as claimed 26 characterised in that the bearing part of each friction 
element comprises a bearing member secured with respect to the container to define 
a peripheral portion thereof (689') adjacent the recess wall. 

28. A friction pad as claimed in claim 27 characterised in that the bearing member is 
secured to the container base and displaced axially therefrom. 

29. A friction pad as claimed in claim 27 or claim 28 characterised in that the bearing 
member is of harder material than the container and is of the same or softer material 
than the recess wall. 

30. A friction pad as claimed in any one of the preceding claims characterised in that at 
least one friction element (20) includes friction material (146) comprising a thermoset 
resin containing at least 50% of a ceramic filler material. 

31 . A friction pad as claimed in any one of the preceding claims characterised in that 
some of the friction elements are different from others in cross sectional dimension. 

32. A friction pad as claimed in any one of the preceding claims characterised in that the 
central region (60) of the support spring finger (52) is arranged to deflect such that the 
second end region remains substantially parallel to the first end region (56). 

33. A friction pad as claimed in any one of the preceding claims characterised in that the 
back plate (12) is substantially planar. 

34. A disc brake pad for a railway vehicle comprising a friction pad as claimed in claim 33. 
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35. A disc brake pad as claimed in claim 34 characterised in that the friction elements (20) 
are circular in cross section and each friction element is between 30mm and 40mm 
in diameter. 

36. A disc brake pad as claimed in claim 35 characterised in that each friction element 
is approximately 36mm in diameter. 

37. A disc brake pad as claimed in any one of claims 34 to 36 characterised in that each 
friction element has at its rubbing end a friction material surface dimensioned to 
occupy between 1.5% and 6% of the area defined by the back plate. 

38. A disc brake pad as claimed in claim 37 characterised in that each friction element has 
at its rubbing end a friction material surface dimensioned to occupy between 4% and 
5% of the area defined by the back plate. 
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